UNCLASSIFIED 


AD  NUMBER 


AD493494 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  JAN  1949. 
Other  requests  shall  be  referred  to  Signal 
Corps  Engineering  Laboratories,  Fort 
Monmouth ,  N J . 


AUTHORITY 


USAEC  ltr,  27  Jul  1971 


THIS  PAGE  IS  UNCLASSIFIED 


hhh  thh‘  0  fcf 


IK 


IIITEB  CHEMICAL  0  0  H  P  0  II  AT  J  0  H 
THE  RESEARCH  UJB  ORATORIES 
432  mzi  mm  STBEBT-asw  tobe  i%  a.  ir. 


EFFORT  FOR  QUARTO  EMDIHG  BEOMBER  31 ,  1948 

„ 

Contract  ISo*  W36-039sc~35500  »* 

Fila  Bo.  436?~PH«4e~91  (3088) 
Iti&AfflSGBHT  OP  THE  -AHM3T  PROJECT^  3-93-OO^m) 
Signal  Corps  Project  2005 


Squisr  Signal  laboratory 
fort  MosBoath,  Maw  J  or  soy 


Introduction 
Expo  rinontr.t  ion 
Progrura  Prospectus 


18 


INTRODUCTION 


Our  previous  work  with  mixtures  of  p-quinono  dioxin^, 
bcnzothiazyl  disulfide  .mu  sulfur,  as  r.  vulcanizing  combination 
for  Butyl  rubber  confounds,  revoa3  jd  that  such  a  combination 
produced  compositions  having  (1)  rapid  rate  of  euro  without 
sccrch  at  processing  tonporaturcs ,  (2)  a  flat  curing  curve  as 
regards  tensile  strength  vs.  curing  tine,  and  (3)  rr'.rked 
•uDozioritv  to  ti.ui' ur-cur^U  compositions  with 

regard  to  heat  resistance.  fundamental  study  of  the  over¬ 
lapping  vulcanization  ncchnnisns  by  means  of  which  such  a  com¬ 
bination  functions,  would  undeniably  bo  justified  and  would  offer 
an  almost  unlimited  amount  of  theoretical  work  to  those  disposed 
rnd  equipped  to  undertake  it.  V/o  have  folt  however,  since  this 
is,  in  the  strict  sense,  a  program  of  development  mu  application 
rosoarch,  that  its  objectives  night  moro  quickly  be  attained  by 
on  onplrlccl  study  of  the  critical  quantities  of  each  ingredient 
in  tho  aforomontionod  combination.  Such  a  study  was  undertaken 
and  completed  in  the  period  covered  by  this  report. 

A  naatcrbatch  bare  stock  consisting  of  Butyl  rubber,  zinc 
oxido,  carbon  black,  md  plasticizor,  was  first  propared  and 
used  throughout  the  investigation  of  vulcanizing  combinations. 

Uao  of  tho  stock  minimized  procoseing  time  and  increased  tho 
uniformity  of  rosults.  The  amount  of  each  ingreaiont  of  the 
vulcanizing  combination  was  varied  between  practicable  limits 
while  keeping  tho  quantities  of  remaining  components  constant. 


In  no  instance  was  tho  anount  of  any  ingredient  found  to 
bo  exceptionally  critical.  Both  p-quinono  dioxino  and  bonze- 
thiazyl  disulfide  wore  found  to  bo  essential  to  vulcanization, 
since  onission  of  oithor  component  resulted  In  severely  under- 
cured  compositions,  but  from  2  to  4  parts  by  weight  per  hundred 
of  rubber  could  bo  used  without  significant  variation  in  physical 
properties.  From  2  to  3  parts  of  p-quinone  dioxino  were  optimum, 
wiiilc  4  parts  of  bonzothlazyl  disulfiae  govc  best  results.  The 
amount  of  sulfur  used  in  tho  combination  was  found  to  be  ovon 
loss  critical,  but  1,5  parts  was  of  definite  value  in  speeding 
up  tho  rate  of  cure,  boosting  ultimate  tensile  strength,  and 
increasing  heat  resistance# 

Substitution  of  other  organic  accelerators  for  bonzothlazyl 
ciisulfido  in  the  combination  was  quick  to  rovoal  tho  importance 
of  such  accelerators  in  the  quinoid-sulfur  cure.  Thiazolc, 
thiuram,  and  dithiocarb ornate  accelerators  were  all  investigated 
in  this  regard.  Accelerators  such  as  diphenyl  guanidine  when 
substituted  in  conparable  quantity  for  the  bonzothlazyl  disulfido 
produced  no  cure  at  alYTpLercaptobonzothlazoIc  was  only  slightly 
more  effective.  Thu  cuprio  salt  of  morccptobonzotliiazolo  was 
modoratoly  activating,  while  zinc  diethyl  dithiocarbamato  was 
comparable  to  tho  original  bonzothlazyl  disulfido.  Totrnr.cthyl 
thiuram  disulfido  produces  compositions  with  good  physical 
properties,  and  the  selenium  and  tollurium  diethyl  dithiocarbamato 
wore  oapocially  offoctivo  in  producing  a  fast  curing  rate  and  high 
ultimate  tensilo  strongth.  Experimentation  indicates  that 
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tclluriun  diethyl  ditiJ.ocarbama.tc  is  slightly  inferior  to  the 
original  bunzothiazyl  disulfido  in  rognrd  tc  heat  resistance  of 
the  vulcanized  ccnposi tlun,  but  the  curing  rate  and  ultimate 
tensile  ere  nuch  superior."!  «fr> 

The  her.t  resistance  of  quinoid-sulfur  cured  eo::ipcsi tiens 
was  found  to  oe  vitally  affected  by  the  type  of  filler  used* 
Carbon  blacks  wore  oy  far  the  most  offoctivc  in  this  connection. 


and  considerable  work  was  dono  with  combinations  of  clay  and 
carbon  black  tc  obtain  compositions  with  both  low  temperature 
flexibility  and  some  measure  of  heat  resistance.  The  function 
of  carbon  black  in  the*  quinoid-sulfur  euro  is  not  fully  under¬ 
stood,  but  it  undoubtedly  plays  a  dual  role  of  fillor  and 
activator.  Increasing  the  carbon  black  content  materially  in- 
croasc*d  oath  the  rate  and  ultima  to  degree  of  cure.  Moduli  of 
over  2000  pounds  per  sq.  inch  at  500  percent  olengntion  wore  ob¬ 
tained  with  carbon  bla.ck  fillod  compositions. 

The  addition  of  snail  percentages  of  polyisobutylono 
(Vistancx)  was  also  found  to  bo  cf  valuo  in  improving  the  heat 
resistance  of  Butyl  rubber  compounds.  A  critical  factor  in  this 
offoct  is  the  molecular  wolght  of  the  polyisobutylono  used,  sinco 
only  the  material  of  about  100,000  molecular  weight  was  effective, 
Matorial  of  lower  or  highor  molecular  woi0ht  gp.vo  a  negative 
rosult. 


Low  tomporature  evaluation  of  quinoid-sulfur  cured  compo¬ 
sitions  indicated  thoy  wore  all  capablo  of  passing  the  "Thiokol 
bend"  test,  /-STS*  designation  D736-46T,  at  -55°C,  and  some  could 
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survivo  this  tost  at  -65  C.  None  Ceuld  pass  at  -70°C.  At  a 
„3Cuesion  bjtwoon  the  Squior  Signal  Laboratory  and  representative 
of  this  conpany,  it  was  agrood  that  wo  should  continue  our 
evaluation  at  low  tonperaturos  by  noons  of  this  simple  flox  tort. 
The  opinion  was  mutually  hold  that  whilo  nany  conplox  testing 
devices  wore  known  to  be  capable  uf  supplying  information  oi 
a  variety  of  thewrotical  properties  of  rubbor  compounds  at  low* 
tonperaturos,  and  while  such  information  would  bo  of  fundamental 
value,  the  bonefit  t.  this  program  was  not  sufficient  to  Justify 
the  required  expenditure  of  time  and  nenoy. 

It  was  decided  thorofero,  that  we  would  submit  to  the 
Squior  Laboratory  these  compositions  which  wo  believe  to  be  of 
morit  after  such  Initial  testing  as  montiuned  above,  and  that 
they  in  turn  will  mold  and  euro  the  compositions  into  such 
practical  Itoras  as  gremnots  and  push  button  covors,  and  evaluate 
these  from  an  application  standpoint  in  their  lev/  tenporature 
rooms*  *7e  boliovo  it  is  ossontial  that  wo  witness  molding, 
curing,  and  tasting  of  thoso  compounds  at  the  Squior  Laboratory, 
in  order  that  wo  nay  obsorvo  thoir  bohavior  at  first  hand.  In 
this  way  wo  can  correlate  our  own  tost  results  with  thoso  ob¬ 
tained  in  the  l«.<w  tomporaturo  rooms. 

3uch  n  practical  evaluation  of  the  low  tomporaturo  per¬ 
formance  of  Butyl  rubbor  compounds  will  be,  wo  believe,  noro 
valuable  to  this  program  than  any  numbor  uf  thoerotical  tosts. 
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SXPSRI1HNT..TI0N 

Polylsob utyluno  (yistanex  B100)  in  Butyl  Rubber  Compounds 

Various  proportions  of  po 3.} Isobutylene  having  r.  nolccular 
weight  of  100,000  .vuro  incorporated  into  crude  Butyl  Rubber 
GR-I-Y15,  and  the  resulting  blonds  conventionally  compounded  and 
cured.  The  polyisobutyleno  was  addod  tc  tho  GR-I-Ylb  after  the 
latter  had  formed  a  thin  band  on  a  warm  two  roll  mill.  Mixing 
was  easy  and  rapid.  Tho  mill  was  then  cooled  and  the  remaining 
compounding  ingredients  addod.  No  abnormalities  in  compounding 
or  milling  behavior  coula  bo  observed.  The  compounds  were  sub¬ 
sequently  cured  for  15  and  30  minutes  at  267°p,  and  their 
physical  proportios  recorded. 

Increasing  amounts  of  polyisobutyleno  wore  observed  to 
effect  a  reduction  in  curing  rate  and  an  increase  in  compression 
set  commensura.to  with  the  reduction  in  unsnturation.  Tensile- 
strength  was  not  appreciably  r.ffoc ted  provlddd  an  adequate  cure 
was  obtained,  but  the  ability  of  Butyl  rubber  compounds  to  retain 
t  . -ir  tonsilo  strength  nftor  exposure  to  air  at  high  temperatures, 
was  considerably  improved.  This  latter  effect  is  shev/n  in  Table  I , 
3anplos  wore  aged  in  a  ventilated  air  oven  at  150°C  for  4G  hours. 
They  wore  then  allowed  to  remain  at  room  temperatures  for  24  hours 
and  their  tensile  strength  compared  with  that  of  samples  of  the 
same  compound  which  had  boon  aged  at  room  toinporatui*e  f^r  the 
3ajno  period  of  time.  Percent  tensile  retained  was  then  expressed 


as : 


at  150  C 
at  room  t omp . 


%  tensile 
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TABLE  X 


EFFECT  0?  VISTENEX 

8-100  ON  BLT  RESIoT'ANCE^ 

Parts  Vistanox 

H  Tonsilo  Rotained 

0 

60 

1 

63 

2 

69 

5 

73 

10 

64 

15 

60 

20 

58 

^Samples  agod  48  hours  in  air  at  150°C* 


Baao  Fonmxla  (by  weight) 


GR-I-Y15  -100 

Zinc  oxido  5 

Dioctyl  sobacatc  15 

p«Quinone  dioxirao  2 

Bonzothiazyl  disulfide  4 

Sulfur  1*5 

Vistanox  (as  shown) 
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All  subsequent  heat  resistance  data  In  this  section  ol‘  the  rep -rt 
was  so  obtained  and  Is  so  ‘'xpressod. 

Zinc  Oxido  Content  of  Butyl  Rubber  Compounds 

Fj. -on  2  to  SO  parts  of  zinc  oxido  (Pretox  166)  were  in¬ 
corporated  into  Butyl  rubber  compounds.  At  loast  2  parts  were 
essential  to  euro  and  at  least  6  parts  were  requirod  to  obtain 
a  maximum  rate  of  oure#  Sono  slight  improvement  in  ho at  resis¬ 
tance  was  no tod  with  higher  amounts  cf  zinc  oxidc^nm.  this 
of feet  is  shown  in  Table  II 

Component  Ingrodionta  in  tho  ftuinoid  Type  Cure 

Tho  p-quinone  dioximo-benzothinzyl  disulfide -sulfur  curing 
combination  for  Butyl  rubbor  was  thoroughly  invostigatod  to 
determine  tho  part  played  by  oach  of  tho  ingredients  in  the 
vulcanization  mechanism.  In  order  to  facilitate  the  investigation, 
and  to  insure  uniformity  of  results,  15  pounds  of  a  mastorbatch 
were  prepared  containing  tho  following ”bnso  stock: 

GR-I-Y15  100  parts 

Zinc  oxide  5 

Pino  thermal  black  (>- 33)  50 

Dioctyl  sobneato  15 

Portions  of  this  mastorbatch  woro  thon  used  to  proparc  tho 
doairod  compounds  by  adding  tho  curing  ingrodionta  on  a  cold  two 
roll  mill  until  they  wore  completely  dispersed.  Tho  mastorbatch 
was  kept  at  room  tozqperaturo  in  tho  laboratory  ovor  a  throo 
month  poriod  with  no  detectable  change  in  properties# 


TABLE  II 


EFFECT  OF  ZING  OXIDE  ON  HEAT  RESISTANCE* 
farta  Zina  Oxide  %  Tonsils  Retained 


*■» 

49 

5 

60 

10 

62 

20 

63 

Gv 

S3 

Samples  agod  46  hours  in  air  at  150  C. 

Base  Fomila  (by  weight) 

GR-X-Y15  100 

Dioctyl  aobnenta  15 

p-Quinono  dicxine  2 

Ben/.othinzyl  disulfido  4 
Sulfur  1*5 

(as  shovm) 


Sine  oxide 
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The  amount  of  p-quinone  dioximo  in  tho  compound  was  varied 
from  zero  to  4  parts  per  hundred  of  rubuor  hydrocarbon  fiiHC). 

Tho  effect  of  this  variation  is  shown  in  Table  III.  .t  least 
ono  part  of  tho  dioxime  appears  to  bo  essontial  to  euro  but 
above  that  tho  amount  is  not  critical.  2  «_r  3  parts  soon  tc 
give  optimum  physical  propertios  and  maximum  rate  of  cure, 

j.ho  amount  of  bensothiazyl  disulfide  in  the  compound  was 
varied  from  zero  to  8  parts.  The  effect  of  this  variation  is 
shown  in  Table  TV.  4  parts  produce  optimum  physical  propertios 
end  maximum  rot_  of  cure. 

The  amount  of  elemental  sulfur  in  the  compound  was  varied 
from  zoro  to  3  parts.  The  offoct  of  this  variation  is  shown 
in  Table  V*  Thi3  substance  is  net  essential  to  cure  but  its 
inclusion  improves  ultimate  tensile  strength  and  speods  up  the 
rate  of  cure.  The  amount  used  does  not  appear  to  be  critical 
but  1,5  parts  were  selected  as  optimum,  2  parts  or  nuio  pro¬ 
duced  an  appreciable  bloom. 

A  further  study  of  the  part  played  by  component  in&rodiorts 
in  tho  quinoid  type  cure  was  made  by  substituting  various  other 
accelerators  for  bcnzutbiazyl  disulfide  in  the  curing  combination. 
Accelerators  so  substituted  were  (1)  diphenyl  guanidine,  (2) 
tetramotVi„yl  thiuram  disulfide,  (3)  mercaptobenzothiazclc,  (4; 
cupric  salt  of  morenptebonzothiazolo,  (5)  zinc  diethyl  dithi<  - 
carbonate,  (6)  tellurium  diethyl  dithio carbamate,  and  (7)  selenium 
diethyl  dithlocarbnmato.  4  parts  per  hundred  of  rubbu’"  hydro¬ 
carbon  wore  used  in  every  case.  The  compound  containing  diphenyl 
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EFFECT  OF  p-QJINONE  PI OX!  ME  ON  PHYSICAL  PROPERTIES 


f 

1 

Parts  Dioximo 

Cure* 

Minutes 

Tensile 

Ib./sq.iu* 

Elong 

-  %  - 

Modulus 

5005s 

Hardness 

Shore 

1 

n 

15 

430 

1000 

negligible 

28 

fr 

•> 

V 

30 

450 

1000 

negligible 

28 

h 

15 

1090 

990 

250 

33 

3- 

i£* 

1 

30 

1810 

850 

510 

34 

15 

1290 

710 

360 

36 

I  « 

*w 

z 

30 

1440 

780 

580 

38 

f 

15 

x*  ~0 

890 

420 

'10 

% 

V:  * 

■4 

V. 

*■ 

3 

30 

■*  ao 

710 

600 

41 

K 

v? 

■+\ 

15 

12S0 

870 

425 

42 

£ 

4 

f 

f. 

30 

1300 

750 

590 

42 

/f 

i" 

*287CF 

•  r: 

s 

Base 

Formula  (by 

woi ght ) 

% 

GR~X~Y15 

100 

Zinc  oxide 

5 

Dioctyl  5 

obacato 

15 

?*!  Carbon 

50 

p 

Bonzothia 

zyl  disulfide 

4 

Sulfur 

1*5 

p-Qulnor^ 

dioximo 

(as  sh.wn) 

) 
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guonidino  would  not  euro  at  287°P*  Tho  compound  containing 
raoreaptobonsothiazolo  showed  only  partial  euro.  Tho  physical 
properties  of  c  mpounda  incorporating  the  accelerators  listed 
above  are  shown  in  Table  VI. 


Carbon  Black-Clay  Fillor  Combinations  In  Butyl  Rubber  Compounds 
Carbon  black,  represented  by  Philblack  L,  end  Clay, 
represented  by  rhititex,  were  corribinod  in  various  proportions 
and  added  to  Butyl  rubber  stocks  so  that  tholr  total  weight 
equalled  60  parts  per  100  of  rubber  hydrocarbon#  The  fillor 
combinations  wore  addod  to  tho  crude  rubber  on  a  two  roll  mill. 
Zinc  oxide  was  then  addod,  followed  by  dioctyl  sobacato,  and 
finally  by  tho  curing  agents.  The  base  formula  was  as  follows: 


GR-I-Y15  100 
Filler  Combination*  60 
Zinc  oxide  10 
Dioctyl  sobaoato  15 
p-Quinono  dioxime  2 
Tellurium  diethyl  dithiocarbnmato  4 


Sulfur  1.5 

A  3  C  D  E  __F 


Clay  (Whititox) 

60 

48 

36 

24 

12 

0 

Carbon  (Philblack  :,) 

0 

12 

24 

36 

48 

60 

Physical  properties  of  compounds  containing  those  filler 
combinations  aro  shown  in  Tablo  VII.  Thooffoct  of  those  fillor 
combinations  on  the  physical  proportios  of  tho  same  compounds 
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TABLE  VI 

ORGANIC  .XCSLER/.TOrJS  IK 

DIOXIIIE 

CJRE* 

Accelerator  40  ports  Tensile 

lb./sq.in. 

Elong. 

ifoo 

Modulus 

500^ 

Morcaptcbcnzothir.zolc 

^00 

Cupric  salt  norcnptobenzothinzcle 

1440 

1050 

270 

Benzothiazyl  disulfide 

1680 

830 

510 

Tetronothyi  thiuram  disulfido 

2280 

780 

520 

Zinc  diethyl  di thiocarbnmate 

1670 

880 

470 

Tolluriun  diethyl  di thiocarbocatc 

2300 

740 

585 

Soloniton  diethyl  dithiocorbcmatc 

2160 

79  j 

500 

Di phony 1  guanidine 

no  appro ci able 

euro 

*  15  ninutes  at  287°P 

Base  Formula  Cby 

iroifiht) 

GR-I-Y15 

100 

Zinc  oxido 

5 

Dioctyl  scbr.cate 

15 

P33  Carbon 

50 

p-Quinonc  di  oxime 

2 

Sulfur 

1.5 

Accelerator 

4.0 

15 


TABLE  VII 


EFFECT 

OF  CLAY  ND  C. 

.SB ON  FILLER  ON  PHYSICAL 

PROPERTIES 

Filler  per  100  g,  RHC 

Cure* 

Tenailo 

Elong 

•  Modulus 

Herd, 

T/hititex 

Philblack  A 

Min, 

lb./aq*in. 

% 

500# 

Shore 

25 

2070 

870 

330 

35 

60g* 

30 

910 

560 

690 

38 

15 

1950 

860 

4£0 

38 

• 

u> 

CO 

12g. 

30 

1710 

660 

940 

41 

36  g. 

24g* 

15 

1990 

770 

840 

44 

30 

2030 

630 

1380 

44 

15 

2030 

730 

1120 

46 

24g, 

36g. 

30 

ZL  50 

630 

1580 

48 

15 

1990 

700 

1320 

50 

12  g. 

48g. 

30 

2130 

570 

1900 

52 

15 

1690 

640 

1390 

51 

- — 

60g, 

30 

2120 

500 

2060 

56 

287  P 
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whon  heat  aged  is  shown  in  Table  VIII,  and  their  effect  on  tensile 
strength  retention  is  graphically  illustrated  in  Pig.  1, 

/*11  of  tho  compounds  In  this  sorios  passed  the  Thickol 
bend  test,  ..STM  designation  D736-46T,  at  -65°C.  All  failed  at 
-70°C«  Manual  examination  of  the  s&mplos  Indicated  however, 
that  flexibility  decreased  with  increasing  carbon  black  content. 


EFFECT  OF  CLAY  ,JD  C.JBOH  FILLER  ON  HE^T  RESISTANCE 


ONlaOtf  VJ3jLJV  03NU/JL3*  3*1l9N31  IN XU 
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CRAMS  FILLER  PER  100  6.  RHC 
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PROORija  PROSPECTUS 

♦York  carried  out  previous  to  this  writing  hna  resulted  in 
the  formulation  of  Butyl  rubber  compounds  pcsscsaing  properties 
which,  in  q  majority  of  instancos,  equal  or  surpass  spccifiuati^ . 
sot  forth  by  the  Signal  Corps  In  tho  original  contract.  Com¬ 
pounds  have  boon  propared  which  (1)  arc  flexible  b^low  -55°C, 

(2)  have  less  than  30  percent  compression  set  at  constant  do- 
flocti on,  and  (3)  have  adequate  tensile  strength  and  elongation. 
Those  samo  compounds  rutain  70#  of  thoir  original  tensile  strength 
after  agoing  in  air  at  150°C  for  45  hours.  This  lattor  figure 
is,  of  courao,  noc  sufficient  to  meet  the  specification  of 
stability  at  200°C.  ^oroovor,  tho  Shore  hardness  cf  tho3u  com¬ 
pounds  oxcoods  00  at  -55°C,  ns  compared  to  tho  specification 
figure  of  50* 

Wo  bollove,  however,  that  further  improvement  in  both  low 
and  high  toaperaturo  performance  is  ontiroly  possible.  Work  is 
now  undor  way  to  reduce  tho  extreme  hardness  of  theso  rompounds 
bolow  «55°C  by  tho  introduction  of  non  volatile  '’plasticizers" 
such  as  thormally  rovortod  crude  Butyl  rubber. 

Low  toraporaturo  porforxnanco  expecially,  is  vitally  affected 
by  degree  or  "’tightness’*  of  cure,  and  hoct  resistance  has  provod 
sub Joe t  to  drastic  variation  when  tho  mechanism  of  vulcanization 
is  altered.  Consequently  further  refinement  cf  the  quinoid- 
sulfur  euro  will  be  ur.dortakon,  and  efforts  will  bo  mado  to  obtain 
a  highor  dogroc  cf  curv  in  tho  shortest  possible  curing  time. 


In  connection  with  euro  studies,  a  method  for  the  evaluation  of 
scorch  by  moans  of  solvent  swell  will  be  sot  up. 

Heat  resistance  may  conceivably  be  incroascd  by  the  use  of 
cortain  antioxidants  and  inhibitors.  It  is  our  intention  to 
investigate  this  possibility  fully. 


